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PREFACE 
This five volume text represents a complete documentation of the 
modeling portion of a wasteload allocation (WLA) study of Tampa Bay, Florida. 
The study was administered by the Florida Department of Environmental 
Regulation (FDER) using federal Environmental Protection Agency (EPA) section 
205j funds. The wasteload allocations are to be used for 201 facilities 
planning and permitting purposes. Modeling was conducted by the University 
of South Florida (USF) under research grant number DER# WM-54, USF# 12-2104-
059. Hydrodynamic and water quality field data collection was performed by 
Continental Shelf Associates, Inc. (CSA). Engineering work, point and 
nonpoint source evaluation, was contracted with Camp, Dresser and McKee, Inc. 
(COM). Seagrassbed analysis was conducted by CSA with assistance from 
Mangrove Systems, Inc. 
Included in these four volumes is a brief summary of the functions and 
purpose of various hybrid two-dimensional models that have evolved from the 
initial 2-D hydraulic model developed at USF in 1970. 
It must be emphasized that the scope and underlying intention of this 
report has been two-fold. The first purpose has been to fully document USF's 
involvement in the WLA study of Tampa Bay. The other purpose for this report 
has been to provide, perhaps for the first time in one set of documents, a 
comprehensive survey of philosophy and developmental extent behind fifteen 
years of directed research aimed at obtaining a valuable, general-purpose 
modeling tool to be used in decision making of this type. 
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INTRODUCTION 
This volume describes the "Box Model" of Tampa Bay that was developed 
as a part of a Wasteload Allocation Study contract between the Florida 
Department of Environmental Regulation and the College of Engineering at the 
University of South Florida. The first three volumes document the 
development of the validated two-dimensional hydraulic and water quality 
models that were developed for Tampa and Hillsborough Bays. Development of 
a "Box Model" represents an experiment in simplification of the solution of 
what has been an increasingly more complicated field of study. 
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Chapter 8 
BOX HODEL OF TAMPA BAY 
8.1 - "Black Box" Concept 
Tampa Bay has always been described as an ecological system in delicate 
balance. However, the nature of the balance is not often quantified. A 
typical view of the ecology of Tampa Bay is shown in Figure 8.1. In Figure 
8.1, Mangrove plants and their dropped leaves are believed to be the basis 
of the food chain [lJ[2J. However, several factors which are important are 
omitted from Figure 8.1; namely, that the chemistry of the water column must 
encourage the bacteria and the other elements of the system. The bacteria 
are involved in each transition between elements. The mangrove leaves 
release the nutrients (i.e., carbon, nitrogen, and phosphorous) for use by 
micro algae by the consumptive action of bacteria. 
A more complete "picture" of the ecology of Tampa Bay is found in 
Figure 8.2, which includes some of the additions and complications within 
the system. It will be noted that point and nonpoint sources of poll~tion 
have been added. 
The problem is to evaluate the changes in the delicate balance caused 
by human beings. The changes take place initially in the lowes t levels of 
the ecology, the chemical and bacteriological stages. From there, they 
affect every level of the ecological system. 
One method exists to evaluate the changes. Each element of the living 
system can be described by the common denominator of nutrient composition. 
Vol IV 
Mangrove:: and Ij\ 
Marsh Grasses ~ 
3 
TAMPA BAY FOOD CHA:~ 
PRIMARY I 
ION- ·--........ -Iot..-SECONDARY PRODUCTION----
~~~~~~~~9r-~- :~==~ 
~ Pl ankton Feeders . -
-
... -I~_-t ........ • _,. . ~, •••• ~A .. ~ ....... ~~.# 
Zooplaonkton ...... ~ ,~ ""'I~~~I L; ttel ~"":"' __ ~--';;~-I ~ 
~,t 
- .... ~ I Detritus 1 __ Detrital Feeders 
FIGURE 8.1: Ecology of Tampa Bay (Taken from Lewis [3j) 
io~· -Ca~nivores 
Sea trout 
Southerr flounde 
Red f ; sh 
Snook 
Tarpon 
Mid-carr:iv0re~ 
Vol IV 
RAIN WATER RUNOFF 
INDUSTRIAL POLLUTANTS 
MANGROVES AND 
MARSH GRASSES 
4 
PLANKTON FEEDERS 
DETRITAL 
FEEDERS 
~ 
~ 
FIGURE 8.2: Ecology of Tampa Bay ·(Revised) 
TOP- CARNIYORS 
MAN 
MID-CAR NIVO RE 5 
Vol IV 5 
An accounting of the storages and flows of nutrients through the system can 
be made. This is the basis for the "Box Model" of Tampa Bay. The term "Box 
Model" stems from what is known as a "Black Box" solution technique. The 
geometric or spatial considerations of the system are not considered. 
Each element of the ecological cycle with its attendant bacteria is 
reduced to measures of carbon (C), nitrogen (N), and phosphorous (p), t hen 
major storages of nutrients are assembled and flows of nutrients are 
determined. 
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8.2 - Tampa Bay Statistics 
Tampa Bay can be considered to be a large box, approximately 179,500 
feet long, 105,600 feet wide, and an average 13.49 feet high. The bottom 
area is 8.6 billion square feet and the volume is 116 billion cubic feet at 
mean tide. The weight of the Bay is a mere 7.35 trillion pounds (3.68 
billion tons). 
Within the system, major storages of nutrients are shown in Figure 
8.3. Note that mangroves, bottom (benthic) deposits, sea grass standing 
crops, macro algae, fish (only the lower levels), micro algae, and the water 
column chemical reservoirs are included. 
Each of the reservoirs of nutrients can be estimated from measurements 
made in the Bay. However, no direct measurements of the sources (other than 
seagrasses) were authorized or calculated expressly for this study. In the 
absence of measurements, estimates were made. 
The estimates of total storages of nutrients in Tampa Bay are therefore 
highly subjective and open to revision. The principal value of knowing the 
storage is to assess the relative sizes thereof. The following estimate of 
storages is presented to encourage further research. 
8.2. 1 - t1angroves 
The total acreage of mangrove forest in contact with Tampa Bay can be 
estimated from aerial photographs. If we determine that approximately 14 
hundred acres of mangrove forest remain in contact with Tampa Bay and if we 
are conservative and assume that the total weight of mangrove leaves is 
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estimated to be 50 pounds of leaves per plant and as many as 500 plants 
per acre average with 16% dry weight and 40% carbon, 8% nitrogen, and 1.5% 
phosphorous dry weight, then performing the calculation yields: 
Carbon 2.24 x 10 6 lb. 
Nitrogen 4.48 x 105 lb. 
Phosphorous - 84,000 lbs. 
Note: The composition percentages were obtained from EPA [ 4J for 
most biological material. 
It is recognized that variation in the estimate of nutrients from mangroves 
will exist. 
8.2.2 - Benthic Deposits 
Benthic deposits vary greatly with location within Tampa Bay. In areas 
with acute or previous sewage discharges, an anaerobic mud may exist. 
Figure 8.4 shows locations of sewage discharges in Tampa Bay. A second 
accumulation of medium type deposits has been measured [ 5J; and a thir d 
gener'al benthos, dominated by relatively clean, sandy deposits, is known to 
exist. No inventory of the benthic deposits was made specifically for this 
study; however, a historical study, which was used for this study, exists 
(USGS) [6J. 
Estimates of releases from the deposits in the actual top layer have 
been made by scientists at USF (St. Petersburg Department of Marine Sc ience) 
[7J. Extrapolating the worst case from the report implies that there would 
be 20 x 10 6 pounds of nitrogen over the entire Bay. No estimates of 
phosphorous or carbon were offered. 
Vol IV 9 
~) J'3~~35 32 31 
c:!Jl 
~3a 
, ~29 
'- 28 
. 
.. 
" . 
23 
19 
18 
~ 
TAM P A 
BAY 
15 
~·16 
13 
FIGURE 8.4: Sewage Discharges in Tampa Bay 
Vol IV 10 
Measurement was made of the ammonia and orthophosphate in the 
interstitial space waters at one location in Hillsborough Bay. From the 
measurements, estimates were made of the flux of nutrients from the bottom. 
An estimate of the total reservoir in the top 10 cm was projected for 
Hillsborough Bay. If the estimate provided is extended for the entire bay, 
the reservoir of NH3 in the top 10 cm layer is approximately 20 x 10 6 pounds 
of NH 3. No estimate of phosphorous or carbon were offered. Note: Case 
borings indicate concentrations of nutrients are excessive to depths greater 
than 38 cm [8 J. 
However, another estimate of the nutrient values was obtained by using 
the following considerations: 
1. The sediments are slightly heavier than seawater. 
2. Sixty percent pore space exists. 
3. Wet solids consist of 50% mineral-50% detritus. 
4. The detritus is 16% solid [dry weightJ ( measured previously). 
5. The detritus is 40% C, 8% N, and 1.5% P. 
In SOD and NER tests conducted by EPA in Tampa Bay [5J, three distinct 
were observed. Accordingly, the areas of the bay were deliniated--see 
Volume III. For the study, the areas were characterized as follows: 
The high rate area have 50% biological origin. 
The medium rate material was 20% biological origin. 
The clean rate material was 2% bio l ogical origin. 
When multiplied by the weight of the wet sediment, the follo~ing total 
estimates were obtained: 
Carbon 
Nitrogen 
- 400 
80 
X 10 6 lb. 
X 10 6 lb. 
Phosphorous - 15.3 x 10 6 lb. 
rates 
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This estimate accounts for a greater depth and is in agreement with the 
previous estimate. 
8.2.3 - Seagrass and Macro Algae Estimates 
The estimate of total seagrass standing crops were made by Mangrove 
Systems. Seagrass weight and composition were broken down by root and plant 
weights (see Appendix F). The results for seagrass are given: 
Carbon - 17.7 x 10 6 lbs. 
Nitrogen 926,600 lbs. 
Phosphorous - 9,600 lbs. 
It was determined by McClelland [9J that seagrass standing crop in 
Tampa Bay has changed minimally, 0 to 1.5 percent, in the last 20 years. 
The corresponding reservoirs of macro algae are given by Mangrove 
Systems as: 
Carbon - 8.4 X 10 6 lb. 
Nitrogen 651 ,000 lb. 
Phosphorous - 34,000 lb. 
Algae standing crops in Hillsborough Bay as reported by Mangrove 
Systems were checked against other areas measured in the 1969 study in 
Hillsborough Bay [10J. The volumes reported in 1967 extrapolated over the 
total acreage yield approx i mately t he same weights. 
8.2.4 - Fishes 
In 1972, the Corps of Engineers estimated that the crop of fishes 
harvested from Tampa Bay was 12.3 x 10 6 pounds per year. Estimates of the 
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nutrients in the fishery stock are obtained from this 1972 figure. A study 
of the catch of salmon in a cold water estuary on the West Coast [llJ 
indicated that 30% of the adult fish were caught. The adu l t fish 
represented 62% of the total population. This represents a catch of 19% of 
the total. Considering that Tampa Bay is warmer, therefore probably has 
more species and probably more juvenile fish. A conservative catch of 10% 
of that population is estimated. Then, using the 10% estimate and 
considering that the fish are 16% dry weight, of which 40% is C, 8% N, and 
1.5% P, this reservoir contains approximately the following amounts of the 
three primary nutrients: 
Carbon 
Nitrogen 
- 7.87 X 10 6 lb. 
- 1.57 X 10 6 lb. 
Phosphorous - 295,200 lbs. 
8.2.5 - Micro Algae 
Estimates of micro algae can be determined by measurement of 
chlorophyll ~ and phaeo-pigments. If chlorophyll ~ is added to phaeo-
pigment, the sum can be related to the concentrations of carbon in the 
biomass--see Turner [12J. The total biomass is related to the percent 
carbon in the biomass (approximately 36% C). When these are related to 
biomass, the micro algae biomass is 22.6 x 106 lb. dry weight , which is: 
Carbon - 9.07 X 10 6 lb. 
Nitrogen - 1.81 x 10 6 lb. 
Phosphorous - .34 x 10 6 lb. 
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8.2.6 - Water Column Nutrients 
Water chemistry and decayed organic material is given by the relative 
concentrations of various constituents including BOD, NH 3 -N + organic N + 
(N0 3 + No 2 )-N, and organic P + P0 4 -P. The concentrations of several 
constituents are included in the table in the next section (8.2.7). Values 
are those given by CSA for the first sampling period. The average 
concentrations in ppm multiplied by the weight of water in the Bay and the 
proportion of carbon to oxygen yield: 
12 BODC x 7.35 x 10
12 x 32: 31.7 X 10 6 lb. of Carbon 
8.60 X 10 6 lb. of Nitrogen 
7.64 X 10 6 lb. of Phosphorous 
8.2.7 - Summary of Storages 
It can be derived from the previous assumptions that the concentrations 
of the three major nutrients in the Bay have total weights as shown in Table 
8.1. 
It can be seen that the largest storage of nutrients is in the benthic 
deposits. The second largest storage is in the water column. In 
succession, there are seagrass, micro algae, fish, and macro algae storages. 
The storage of the three major nutrients in mangroves is the smallest. 
It is of interest to speculate on the relative growth rates of each of 
the major elements. 
The growth rate of the total nutrient storages in seagrasses, macro 
algae, and mangroves can be estimated to be about 10% to 20% per year. 
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Change in the benthic storage probably occur at a very low rate, but because 
of the size of the storage, it may experience a large flux. Of the major 
storages, the water column and the micro algae experience the greatest rate 
of change. The flux of nutrients may be high between the water column and 
the phytoplankton (micro-algae) depending on the bacteria and zooplankton 
present. 
TABLE 8.1: Storage of Nutrients 
Storage Form Concentration Carbon Nitrogen Phosphorous 
( ppm) (10 6 lbs. ) (10 6 lbs.) (10 6 lbs. ) 
Mangrove leaves 2.24 .448 .084 
Benthic detritus 400 80 15.3 
Seagrass stem & roots 17.7 .926 .009 
Macro Algae 8.4 .651 .003 
Fish 7.87 1. 57 .295 
Chlorophyll a 19.9 
-Micro Algae 3.06 9.04 1.81 .34 
Water Column 
BODU 11.5 31.7 
ORG N 1. 06 
NH3 .07 
N0 2 -N0 3 .04 
TN 1. 17 8.60 
PO .. p .52 
ORG P .52 
TP 1. 04 7.64 
TOTALS 477 85.3 23.6 
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8.3 - Nutrient Fluxes 
The Bay accumulates nutrients through all boundaries. Nutrients 
exchanged through the top surface, the edge surfaces, and the bottom surface 
are accounted for in the sections following. 
8.3.1 - The Flux of Nutrients Through the Top Surface of Tampa Bay 
Nutrients are exchanged at the air/water interface by many processes. 
Some small quantity of N0 3 is reduced to N2 and escapes through the top 
surface to the atmosphere. No attempt is made to model this parameter in the 
Box Model. 
Nutrients are also introduced into Tampa Bay by rainfall. Measurements 
of carbon, nitrogen, and phosphorus found in rainfall were made by the City 
of Tampa as part of the National Urban Runoff Program (NURP) and summarized 
by Camp, Dresser and McKee for this study [13J. 
A rough estimate of the amount of nutrients added to Tampa Bay by 
rainfall can be made as follows: Using the yearly average of 50 inches of 
rain a year distributed uniformly over the Bay yields 2.24 trillion pounds of 
rain per year or 136 million pounds per day. The following concentrations in 
the rain result in the yearly loading rate for the nutrients Carbon, 
Nitrogen, and Phosphorus: 
1. 55 ppm Carbon 9,500 Ibs. per day 
• 79 ppm Nitrogen 4,800 lbs • per day ~ 7tiD s/OVI/rl 
.17 ppm Phosphorus 1 ,100 lbs. per day 
CO 2 - C 338,100 lbs. per day 
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Fish harvested from the Bay take with them ~ome nutrients that must be 
accounted for in the model. Using the 1972 estimate of 12.3 X 10 6 pounds per 
year, and a dry weight of 16% and the usual concentrations of carbon, 
nitrogen, and phosphorus, the following estimate of removal rates are: 
Carbon 
- 1 ,900 Ibs. per year 
Nitrogen 400 Ibs. per year 
Phosphorus - 80 Ibs. per year 
Other localized sources of nutrients that enter the Bay through the top 
surfaces are known to exist; such as, the airborne dust from the phosphate 
loading docks. No attempt has been made to evaluate these sources. 
8.3.2 - The Flux of Nutrients Through the Edges of Tampa Bay 
Nutrients are exchanged through the sides of Tampa Bay by the discharge 
from wastewater treatment plants, industrial sources, mines, and rainfall 
runoff from the land. 
The engineering firm of Camp, Dresser and McKee has made an estimate of 
the amount of these sources. The numbers were obtained from discharge 
permits, measurements and calculated estimates. An estimate of the quantity 
of nutrients from point and nonpoint sources for the July 7-8, 1983 period 
are: Total volume rate of input 
All sources - 2,776 million gal./day, yielding: 
Carbon - 82,900 lbs. per day 
F>, ,""" 
Nitrogen - 42,600 Ibs. per day t roD r - '-- ~fJb ':;/OrNf!rt /' 1- j (;i) 
-----
Phosphorus - 24,500 lbs. per day 
The other exchange that takes place through the mouth of Tampa Bay can 
be determined from the mathematical models that exist. It was found that 
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water leaving Tampa Bay mixes only slightly with Gulf water so that 
approximately only 20 percent is new Gulf water. The exchange process 
carries nutrients from the Bay. The estimated results of the exchange at the 
mouth are: 
Carbon 
- 208,000 Ibs. per day 
Nitrogen 35,500 Ibs. per day "'Or ( 57JO S.ow:./,y 
Phosphorus - 44,000 Ibs. per day 
Our additional loss adjustment is in the algal biomass transported out 
of the Bay. This represents an additional loss of nutrients. 
Carbon - 36,000 Ibs. per day 
Nitrogen 8,200 Ibs. per day -v / <:,-00 r/oY'J/yV" 
Phosphorus - 1 ,500 Ibs. per day 
8.3.3 - The Exchange of Nutrients Through the Bottom of Tampa Bay 
Nutrients are exchanged through the bottom of Tampa Bay by settling and 
uptake. The rates of nutrient exchanges have been measured for a limited 
number of locations within the Bay. The benthic uptake rates vary 
considerably (by an order of magnitude) between wet and dry seasons. They 
have been measured in August 1982, February 1983 [14J, and July 1983 [15J. 
The uptake rates generally found in July assumed three separate rates; high, 
medium, and low. Wnen areas of the Bay were assigned to the three catagories 
of uptake rates, the following uptake rates for the entire Bay result: 
Carbon 
Organic Nitrogen 
Ammonia Nitrogen 
- 142,500 Ibs. per day settled out on bottom 
- 116,850 lbs. per day settle out 
- 122,900 Ibs. per day uptake from bottom 
Organic Phosphorus - 48,770 lbs. per day deposited 
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Ortho Phosphorus 70,500 lbs. per day uptake from bottom 
In addition, nutrients are added to the bottom by the settling of algae and 
by mangrove leave droppings. 
Approximately 116,800 pounds dry weight of detritis settle per day based 
on a settling rate of .1 foot per day at an average depth of 13.47 or 13.49 
feet and a total weight of algae biomass of 16 X 10 6 pounds average. This 
represents: 
Carbon 
Nitrogen 
- 42,100 lbs. settled to the bottom per day 
9,350 lbs. settled to the bottom per day 
Phosphorus - 1,750 lbs. settled to the bottom per day 
The flux of nutrients described covers the flows of nutrients across the 
boundaries of Tampa Bay. Within the system, a complicated series of 
exchanges occur that are best described in the bookkeeping diagram shown in 
Figure 8.5. 
All of the processes described are variable with location, time of day, 
temperature, season, salinity, pH, and the ultimate driving energy, the sun. 
A exhaustive study by Jansson and Wulff (1971) [16J indicates that 
seagrass communities are self-maintained, both in oxygen and nutrients. For 
this reason, and because of slow growth, seagrass communities have not been 
considered in the box model. Macro algae have been included in the benthic 
mass. 
8.3.4 - Light Flux 
The last ingredient, and probably the most important to a box model, is 
the light. The explanation of the box model presented here includes many 
dynamic interactions within the system. The dynamic interactions depend on 
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(lI(NH3 - 'l .SqlllJ 
e!:NOK = 2336 . £:217 
lCCGRO ~ 1.lmll 
lWlSP : 1 .i'lijSII 
lQliRZ - 1 . 0~ ~ 11 
fCDC - 1 . 0~ 5 11 
n;Dp: I . PJq:>~ 
leON : 1.1Il4SIl 
Hl:t>llll = 1 . i'lij SII 
lQREA - 1 .0159 
III NO - IUfJllII 
II I/oDCD: II. i'Ji'J"~ 
lEnI': :31?9~IlIl 
SI:t..l N = 22 . S&1l1l 
~~~~~~ TI",~ 91 rcEI 
D"'49 = 1 
fbul'" = S 
IIIruh9 = I'J 
< 
o 
t-' 
H 
< 
I-' 
U) 
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light for photosynthesis, therefore the movement of the nutrients between 
forms is dependent upon light. The availability of light dictates which 
direction the system responds. The addition of light is necessary for 
photosynthetic activity and subsequent algal biomass growth. Incident 
radiation and the decay of that radiant energy with depth have been 
determined for many places in the Bay [17J. The light extinction coefficient 
was determined for various locations in the Bay by S. McClelland of FDER and 
are shown in Table 8.2 The light extinction coefficient is a measure of how 
much the light is diminished with measured depth by the density of algae and 
suspended particulate matter. Algae-free secci depth is a measure of the 
light penetration without algal presence. Together algal "self-shading" can 
be determined and used in model simulations. 
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Table 8.2: Light Extinction for Various Stations in the Bay 
(Furnished by S. McClelland [FDER]) 
Station: 
Location 
Hillsborough Bay 
Hillsborough Bay 
Hillsborough Bay 
Hillsborough Bay 
Hillsborough Bay 
Old Tampa Bay 
Old Tampa Bay 
Old Tampa Bay 
Old Tampa Bay 
Old Tampa Bay 
Tampa Bay Proper 
Tampa Bay Proper 
Tampa Bay Proper 
Tampa Bay Proper 
Tampa Bay Proper 
No. 
058 
057 
453 
050 
268 
186 
192 
093 
064 
065 
301 
270 
063 
269 
031 
I , Incident 
o 
Light(%) 
14.7 
12.6 
17 .0 
22.5 
20.1 
22.9 
22.3 
22.4 
24.2 
22.3 
22.2 
21.3 
28.4 
20.8 
28.9 
K , Light Extinction 
e 
Coefficient (11m) 
1.89 
1. 57 
1.48 
L 16 
1. 51 
1.15 
0.97 
0.71 
L76 
1. 16 
1.14 
1.44 
1.01 
2.06 
0.45 
The amount of available light at a specific depth, I(Z), is given by: 
HZ) '"' I e o 
-K Z 
e 
where I(Z) Percent of incident light intensity 
I '"' Initial percent incident light (%) 
0 
K .. Light extinction coefficient (11m) 
e 
Z = Depth of water (meters) 
A linear curve fit for light extinction coefficient, K , versus algae 
e 
concentrations was obtained. It was found that the extinction of light was 
linearly related to the algal biomass. 
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8.4 - The Box Model vs. the 2-D Ecological Model of Tampa Bay 
The variation of parameters in Tampa Bay takes place with space and 
time. The Tampa Bay box model has only one compartment for considering 
light, benthic uptake, benthic oxygen demand, depth, etc. 
A schematic of the construction of the box model is shown in Figure 8.5. 
Calculations are carried on for rate processes for each 10 minute interval. 
Thirty days can be simulated in approximately 30 minutes. 
Similarity between the schematic of the box model and the output from 
the ecological water quality (WQ) rodel is obvious. The "box model" is 
essentially a temporal model, the same as the dynamic (WQ) model with the 
exception of spatial variations. It is, in fact, now an option to the WQ 
model since the rates and input data requirements are the same. All rates in 
the box model are the same as rates in the two-dimensional ecological models. 
All dynamic storages and fluxes through the boundaries are the same. 
8.5 - Summary 
It has been shown how estimates of nutrient exchanges affecting Tampa 
Bay can be obtained. The relative magnitude of the storages and flows 
calculated for this model have been shown, though far from exact. Tab ulated 
nutrient fluxes for Tampa Bay are summarized in the following table: 
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Table 8.3. Flux of Nutrients Through the Boundaries 
SOURCE CARBON 
(lbs/day) 
Rainwater - In + 9,500 
CO 2 - Air -In + 338,100 
Fish - Out 1 ,900 
All Point & NonPoint Sources + 82,900 
Tidal Exchange - 208,000 
Algal Biomass - Out 36,000 
Benthic Settle - 142,500 
Benthic Uptake - NH 3 /P0 4 
Algae Settle and Mangroves 
TOTALS 
42,100 
o 
NITROGEN 
(lbs/day) 
+ 4,800 
400 
+ 42,600 
35,500 
8,200 
- 116,8~0 
+ 122,900 
9,350 
o 
PHOSPHATE 
(lbs/day) 
+ 1 ,000 
80 
+ 24,500 
44,000 
1 ,500 
48,770 
+ 20,500 
1 ,750 
o 
It is the earnest wish of the authors of this report that the community 
of scholars who study Tampa Bay can and will use this model as a framework 
for further investigation. It is important to the study of the bay that the 
relative rates and magnitudes of the various storage elements be thoroughly 
understood. Constant improvement of rates, estimates, and additions of 
vital processes which have not been included in this first attempt should be 
made. Tampa Bay is a complicated and dynamic estuary. As Dr. Bent A. 
Christensen (University of Florida professor) once put it, "we [local 
researchers] are fortunate to have such a bay to play with." 
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Appendix F 
SEAGRASS/MACRO ALGAE SAMPLING STUDY 
Prepared by: Mangrove Systems, Inc. 
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METHODS AND MATERIALS: 
On 26, 27, and 28 July 1983, a seagrass and macroalgae sampling of 
Tampa Bay was performed. Five representative stations were selected: 
2 located in Old Tampa BaYi 2 located in Middle Tampa BaYi and 1 in 
Lower Tampa Bay (Figure 1). A sixth area, Hillsborough Bay, was sampled 
for macroa1gae alone. These six stations are part of an ongoing monthly 
sampling program being conducted for the City of Tampa. 
Five (15 em X 15 em) box core samples of the major seagrass species, 
(Thalassia testudinum, Syringodium filiforme, Halodule wrightii, and Ruppia 
maritima), were collected at each station (Zimmerman 1973). Three 0.25m2 
algal samples were collected using a 1m X 1m quadrat, which was hap-
hazardly thrown three times at each station. Samples were preserved in 
5% formalin/seawater and returned to the laboratory. Seagrass samples 
were separated into above and below ground fractions by species, epiphytes 
removed, and then dried at 70°C. Algal samples were separated by species, 
dried at 70°C, and weighed to the nearest O.Olg on a Fischer Model 300 
top-loading scale. Representative subsamples of seagrass and algae from 
each station were sent to the Harbor Branch Foundation for C, N, and P 
elemental analyses. 
8 
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Figure 1. Quantitative seagrass and algae sampling stations for the Tampa Bay Wasteload 
Allocation Study. 
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Figure 2. Quantitative seagrass sampling stations for the Tampa 
Bay Cooperative Seagrass Project. 
(Lewis &. Phillips, 1980). 
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RESULTS: 
Seagrass standing crop data were compiled from collections at 
stations from April 1980 to January 1981 (Lewis and Phillips, 1980) 
(Figure 2). Data presented in Table 1 were derived by taking the mean 
of the shoot or root weights from Spring 1980 to Winter 1981 (Table 2). 
Algal standing crop data are presented in Table 3. Data represents 
information for July, 1983 only and concerns only the shallow area of 
Tampa Bay and Hillsborough Bay (6 feet or less). 
Total seagrass area (Table 1) was derived through planimetry 
of aerial photography. Percent seagrass by species was derived from 
da ta collected from April 1980 to January 1981. Shallow (6 feet or 
less) and deep (greater than 6 feet) areas (Table 4) were derived through 
planimetry of USGS topographic quadrangles (7.5 minutes). 
C, N, and P elemental analyses results are shown in Table 5. Data 
are presented as percentage C, N, and P for each station. A mean per-
centage of C, N, and P for all stations for seagrass and algae are given 
at the end of the table. Hillsborough Bay data are treated separately. 
Data indicating C, N, and P values for seagrasses are pr.esented in 
Table 6. Data are presented by species and include above and below ground 
fractions. The total seagrass biomass of Tampa Bay is 23,095,919.50 Kg 
dwt; of this the carbon sink constitutes 8,058,166.10 Kg; the nitrogen 
sink constitutes 420,345.73 Kg; and the phosphorus sink constitutes 43,882.25 Kg. 
C, N, and P values for algae are presented in Table 7. Data represents July 
sampling only. Hillsborough Bay data are presented separately. The total 
algal biomass for Tampa Bay (excluding Hillsborough Bay) for the July 
sampling was 7,444,007.5 Kg dwt., of this carbon constituted 2,513,841.3 Kg; 
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nitrogen 212,154.21 Kg; and phosphorus 10,421.61 Kg. The Hillsborough 
Bay algal biomass was 3,878,454.10 Kg dwt (shallow areas 6 feet or less); 
of this, carbon constituted 1,303,548.40 Kg; nitrogen 82,998.92 Kg, phos-
phorus 5,041.99 Kg. 
The combined total for all macroalgae in Tampa Bay for July 1983 is 
11,322,461.6 Kg dwt., of which 3,817,389.4 Kg was carbon, 295,153.1 Kg 
was nitrogen, and 5,041.0 Kg was phosphorus. 
The data for the seagrass storage of nutrients represents an annual 
mean based upon previous detailed mapping of existing seagrass meadows 
and intensive sampling during 1980-81 (Lewis and Phillips 1981), as well as 
the elemental analyses performed for this study. Based upon the com-
pleteness of this sampling, we are confident the final data are highly 
accurate. 
The data for macroalgae are based upon relatively sparse information. 
There has not been a systematic seasonal survey of macroalgal throughout 
Tampa Bay and thus, it is not known what seasonal cycles occur or whether 
the 11,000,000 plus kilograms of algae determined to exist during July 1983 
represents the minimum, maximum or intermediate standing crop. Very 
preliminary data from the first ten months of a monthly macroalgal survey 
of Hillsborough Bay being conducted by Mangrove Systems, Inc., have re-
vealed two important things regarding macroalgal distribution. The first 
is that total standing crop can vary by a factor of 10 depending on the 
time of year sampling occurs. The second is that macroalgae do occur in 
significant amounts at various times of the year in deep bay waters (deeper 
than 6 feet). Since 85% of Tampa Bay is deeper than six feet, a significant 
amount of algae could exist in these waters. The data presented here does 
not include any measurements of macroalgae in deeper waters . . 
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Because of these reasons, the biomass of macroalgae represented 
here could in rea1i ty be an under or over estimate of the actual annual 
mean biomass by an order of magnitude. Thus, these numbers should be 
used with caution. 
33 
LITERATURE CITED 
Lewis, R. R., and R. C. Phillips. Seagrass Mapping Project Hillsborough 
County, Florida. Final Report submitted to The Tampa Port Authority. 
November, 1980. 
Zimmerman, R. J., R. A. Dietz, T. A. Pyle, S. W. Rogers, N. J. Blake, and 
H. J. Humm. 1973. pp 115:-141 in R. C. Band et al Anclote Environmental 
Project Report. 1972. 220 pp. 
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MANGROVE SYSTEMS, INC. 10 November 1983 
TAMPA BAY WAST£LOAD ALLOCATION STUDY 
Tampa Bay total seagrass area - 5,750 hectares: 
S~ecies hectares ~ercent 
Thalassia testudinum 2,317.25 40.3 
Halodule wrightii 2,035.50 35.4 
Syringodium filiforme 845.25 14.7 
Ru~~ia maritima 552.00 9.6 
Standing Crop, kg dry weight/year: 
Seecies shoot wt. root wt. Subtotals 
Thalassia testudinum 2,048,385.7 14,780,999.0 16,829,384.7 
Halodule wrightii 737,966.0 1, 864 ,046 . 0 2,602,012.0 
Syringodium filiforme 1,035,366.7 2,356,893.8 3,392,260.5 
Ruppia maritima 121,919.2 150,343.1 272,262.3 
TOTAL: 23,095,919.5 
TABLE 2 
'h~y 
Tampa Bay seagrass}we;ghts by Season (g/m2 ± SD)CFi~~ J..c-v;,f- Pt...IJJi>.r "roo..) 
Spring 1980 Sunmer 1980 Fa 11 1980 Winter 1981 
Species Root wt. Shoot wt. Root wt. Shoot wt. Root wt. Shoot wt. Root wt. Shoot wt. 
Thalassia 592.01 36.96 584.57 154.71 481. 56 83.86 893.70 78.12 
tes tudinura ±156.0 ±5.5 ±164.6 ±54.3 i53.0 ±9.4 t274.5 ±9.0 
Halodule 56.49 31.28 95.60 45.12 135.27 47.81 79.02 20.83 
L1Pightii ±22.3 ±7.6 ±13.4 ±6.5 ±J4.3 ±7.1 ±1O.3 ±3.0 w 
Ul 
SyPingodi U!'1 274.15 45.74 293.57 178.75 147.86 91. 60 399.94 173.97 
filifo:rme ±80.6 ±1O.6 :t62.4 ±56.6 ::28.8 i3l. 9 ±47.2 :!:24.8 
Ruppia 44.60 47.30 25.70 28.24 16.90 10.84 21. 78 2.00 
rruPi tima i5.4 i25.9 ±4.7 ±6.4 ±4.1 ±4.8 * * 
* occurred at only one station. 
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TABLE 4 
SHALLOW AND DEEP ACREAGE 
FOR TAMPA BAY 
Tampa Bay (excluding Hillsborough Bay): 
Shallow Deep 
12,555.50 ha 83,529.96 ha 
Hillsborough Bay: 
Shallow Deep 
3835.80 ha 7306.84 ha 
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CENTER FOR MARINE BIOTECHNOLOGY 
HARBOR BRANCH INSTITUTION, INC. 
R R 1, BOX 196-A 
FORT PIERCE, FLORIDA 33450 
(305) 465-2400 
December 5, 1983 
Total Phosphorus (% of dry weight) 
Cockroach Bay Lassing 
CB-1 .07 
CB-2 .08 
CB-3 .21 
CB-4 .14 
CB-5 .28 
CB-6 .32 
CB-7 .45 
CB-8 .21 
CB-9 .12 
Fish Creek 
FC-l .13 
FC-2 .23 
FC-3 .12 
FC-4 .08 
FC-5 .37 
FC-6 .18 
FC-7 .22 
FC-8 .13 
FC-9 . 15 
Gandy 
G-l .14 
G-2 .17 
G-3 .15 
G-4 .06 
G-5 .44 
G-6 .11 
G-7 .42 
G-8 .14 
G-9 .13 
L-l .16 
L-2 .17 
L-3 .18 
L-4 .20 
L-5 .30 
L-6 .08 
L-7 .30 
L-8 .08 
L-9 .10 
Fort DeSoto 
FDS-l . 13 
FDS-2 .08 
FDS-3 .28 
FDS-4 .16 
FDS-5 .29 
FDS-6 .05 
FDS-7 .18 
Hills . Bay Grac . 
HBC-l .13 
W ASTELOAD ALLOCA nON STUDY 
g C/m 2 g C/m 2 g Nlm 2 g Nlm 2 g P/m 2 g P/m 2 
HillsbQrQueh Ba v HillsborOlJl?hBaY' Hillsbmolleh Bav 
FOR JULY ON _VI 1 
2 
Algae 43.72 28.98 3.69 1.56 0.18 0.13 3 
4 
5 
6 
7 
8 
i 9 
10 
11 
12 
13 ~ 
- 14 l 
15 
16 
17 
18 
19 
-
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
39 
WASTELOAD ALLOCATION STUDY 
% % % % % % 
'Sta- Carbon Carbon Nitrogen Nitrogen PhospOO. Phospho. I . Above Below Above Below Above Below tJOn 
Ground Ground Ground Ground Ground Ground 
CB Ruooia maritima 39.1 {, 17.{,u ?n 1.07 0.07 nn.R 
FC 37.33 35.10 ?~4 1.82 013 0 .21 
G 38.14- 34-.16 2.28 1.13 0.14 0.17 
L 32.37 38.99 2.60 1.13 0.16 0.17 
Mean 36.75 36.47 2.50 1.29 0.12 0.16 
CB Halodule wrightii 36.76 35.12 2.06 1.85 0.21 0.14 
FC 34-.76 34.80 2.27 0.88 0.12 0.08 
G 35.44 34.90 1 11 0.7g 01 '} nn~ 
L 33.39 37.37 1.99 1.29 0.18 0.20 
FD 34-.07 34.94 1.80 1.19 o.n 0.0.R 
Mean 34-.88 35.4-3 
-
1.85 1.20 0.16 0.11 
CB Syringodium filiforme 35.43 34.03 2.98 1.35 0. 28 0.32 
FC 35.38 35.22 2.60 1.69 0,37 o 18 
G 36.18 33.75 3.04 0.72 0.44 0.11 
L 36.80 36.89 3.12 1.41 0.30 0.08 
FD 34-.58 31.78 2.41 0.80 0.28 0.16 
Mean 35.67 34.33 2.83 1.19 0.33 0. 17 
CB Thalassia testudinum 35.18 29.51 2.33 [,29 o 4'} 0.71 
FC 34.82 28.78 2.57 0.86 0.22 0.13 
G 38.77 29.54- 3.44 1.21 0.42 0.14 
L 37.91 29.90 2.24 1.20 0.30 0.08 
FD 33.61 30.18 2.14 1.17 0.29 0.05 
-
Mean 36.06 29.58 2.54 1.15 0.34 n.1 ? 
CB Algae 34-.92 2.37 0.12 
FC 31.52 2.73 0.15 
G 34.40 3.48 0.13 
L 34.54 2.94 0.10 
FD 33.50 2.7it 0.18 
HB 33.61 2.14 0.13 
Mean 33.77 2.85 0.14 
'FAr.RA" TOTAl . RAY 35.84 33.95 2.it3 L21 0.2it D.lit 
Alg.)C' W.:lstC'lo.:ld Allor.)tion Study (l.JO.25m 2) 
Genus/Species Replicate I Repl1t5kte 2 Replicate 3 Mean 
COCKROACH BA h': 
Cauleroa oroliferc 6.37 4.75 0.36 
Spyridia filamentc sa 9.20 8.92 7.24 
Acanthophora spi( Hera 0.23 0.38 2.75 
Gracilaria sp. 0.54 0.40 1.39 
TOTALS: 16.34 14.45 11.74 14.18 
-
Gf'nus/Species Replicate 1 Replicate 2 Replicate 3 Mean 
G NDY BRIDGE: 
r--
C(~ulerpa prolifer 128.63 126.82 54.64 
r--
,Q "lcilar ia sp. 0.27 
jp y' ridia filament sa 10.20 
---]5.H ALS: 128.63 126.82 65.11 106.85 
-
f-. 
i--
---
""-
~ 
..... ,. 
~::nus/species Replicate I Replicate 2 Reolicate 3 1\ ~ean 
FORT DESOTA: 
Acanthophora SP rifera 7.81 1.98 6.19 
Graci1aria so. 0.67 7.18 0.31 
~I?yridia filamen Iosa 0.24 0.14 0.06 
TOTALS: 8.72 9.30 6.56 8.19 
. 
J 
i FOR JULY ONLY! 
/\I).!,~l(, W;j~tl~ ll)..i.d Alloc.:l1ion ~llIdv ~jO.2 ~,,/) 
Genus/Spec ies Replicate I ReRitcate 2 Replicate 3 Mean 
FISH CREEK: 
Spyr idia filamento a 13.80 11.83 12.4.1 
Gracilaria sp. 0.10 
CAulerpa proliferc 0.17 
TOTALS: 13.90 12.00 12.4.1 12.77 
Cenus/SQec ies ReQHcate 1 Replicate 2 Replicate 3 Mean 
L,\SSING PARK: 
Spyridia filamentc sa 17.61 11.61 16.25 
r---:" A·: anthoghora spic ifera 0.33 0.78 2.33 
~ 
U.lva lactuca 0.17 
G.-acilaria sp. 3.01 1.66 5.84 
~ 
-..IJTALS: 20.95 14..05 24..59 19.86 
-
- . 
~ 
~ .. 
~\~enus/Species Replicate 1 Replica te 2 Replicate 3 Mean 
-
FOR JULY ONLY! 
-
TABLE 6 WASTELOAD ALLOCA nON STUDY 
g C/mL. /year g C/m2/year g N/mL. /year g N/mL./year g P/mL/year g P/m2/year 
above ground below ground above ground below ground above ground he.low erollnd 
Thalassia testudinum 31.88 188.71 2.25 7.34 , 0.30 0.77 1 
Svrin!2:odium f iii for me 43.70 95.74 3.47 3.32 0.40 0.47 2 
Halodule wrightii 12.65 32.45 0.67 1.10 0.06 0.10 3 
RUDDia maritima 8 12 9 .93 0.55 0 .. 35 0.0] 0.04 4 
5 
6 
7 
8 
9 
10 
11 
12 
i!J3 
U 
15 I 
16 
17 
18 
19 
-
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
-~ 
